Fire sets of "close" samples were analyzed radiometrieally for uranium, and chemically for PgOs* CaO; organic matter, and loss on ignition* A Rosiwal analysis was made of thin sections of one set of samples. The results of the analyses are plotted on graphs and on scatter diagrams > and coefficients of correlation are given for uranium with CaO, PgOs^ organic matter, and loss on ignition. Preliminary studies seem to indicate that the concentration of uranium in these samples of phosphate rock is not due wholly to phosphate content; but may depend in part on organic matter or on other components. The correlations of uranium with P205 are poor in the groups of samples with smaller amounts of uranium but are good in the groups of samples containing more uranium.
IHTRODUCTIOH
In the slimmer of 19^9, some special samples, called "close" samples, were collected from the Phosphoria formation in order to measure variations, "both chemical and mineralogical, across a small, apparently uniform lithologie unit of phosphate rock. A "close" sample is defined as one of a large number of small, contiguous samples taken across a single unit, where all of the samples together represent the entire unit. Such samples were taken from four sections in Idaho, Wyoming, and Utah, as summarized in table 1« Altogether 123 samples were studied. They were analyzed chemically for CaO* Psfist and organic matter. The methods of analysis for organic matter and loss on ignition are described by F. S.
Grimaldi in Appendix 1. Uranium was determined radiometrically; a few of the radiometric determinations were checked by chemical analysis. The differences between the results obtained by chemical and radiometric analyses are so slight that the terms uranium and equivalent uranium are used interchangeably in some parts of this report.
Thin sections of some of the samples were made, and Rosiwal analyses were made of 2k thin sections from Trail Canyon, Idaho.
These mineral counts agreed closely with the chemical analyses for PaQs and CaO; consequently, it did not seem necessary to obtain other sets of thin sections.
The results of the analyses have been plotted on semilogarithmic graphs (figs. 3,b,6,Q, and 10) for convenient comparison of the various (figs. 2,5,7,9, and 11) show the comparison of equivalent uranium (ell) in phosphate rock samples with other components .
To express numerically the order of correlation of U with other components, as shown by these diagrams, correlation coefficients have "been calculated. The formula used is that given by Snedecor.]./ 1*1*2 where xi is equivalent uranium and x2 is either PaOs, CaO, loss on ignition, or organic matter.
In general, this investigation has shown that the amount of uranium deposited is dependent not only upon apatite, "but also upon one or more other factors. It is thought that the nature and amount of organic matter present may have had a considerable effect upon the concentration of the uranium. Further variation in the uranium content of the rock may have been due to variations in the amount of uranium available for deposition.
a stratigraphic thickness of 0.8 foot from the lower phosphate zone of the phosphatic shale member of the Fhosphoria formation. The samples, numbered WT-J65-1 through WT-365-26 from base to top, are from field unit number RAH-18^-^7. Where possible, the stratigraphic top was marked on each sample, and the thickness of the sample and its height above the base of the unit were measured* Thin sections of 2^ of the samples were obtained for microscope study and for use with alpha plates. In the Rosiwal analysis of these thin sections four types of lithologic material were counted.
The first, and generally the major part of each section, is here referred to as pellet phosphate. It is gray brown, isotropic, and has an index of refraction' of about 1.6l. It occurs as grains which generally are rounded and is inhomogeneous in appearance owing to inclusions of small black round particles of organic matter.
The second material counted is here called "cement" phosphate.
Its index of refraction is about 1.6l; it is isotropic and in contrast to the pellet phosphate is brown, homogeneous in appearance, and lacks visible organic particles. It occurs both interstitially and as grains.
Despite the occurrence of "cement" phosphate as grains and the fact that some of it makes up parts of grains, most of it is interstitial or lacks definite outline, and for these reasons, is here called "cement" phosphate.
The third type of material counted includes all material that is too fine grained to be counted separately. This material consists chiefly of fine-grained quartz and muscovite, and some clays, detrital minerals, and phosphate.
Grains of quartz that were large enough to count separately were The scatter diagrams and the correlation coefficients (figs. 2 and 3)> compiled from data in table 3, show a much better correlation between the organic matter and uranium than between the P20s and uranium.
These Trail Canyon samples are the only group of analyzed samples that shows a positive correlation of organic matter with uranium. The product of the percent P205 and the percent organic matter shows a better correlation with uranium than do either of the two alone. The correlation coefficient was calculated for the product instead of the sum of the P205 and the organic matter against uranium, for the following reason. To use the sum of the two components in this correlation would not be practicable because the PsQs is present in the range of 20 to 55 percent, and the organic matter is present in the range of 2 to k percent. Therefore the product of the two components is a better representation of their combined effect with respect to the uranium, for, when these two components of different magnitudes are multiplied, each is given its share of weight in the final figure.
The results suggest that the amount of uranium in this unit of phosphate rock is dependent chiefly upon organic matter and subordinately upon SAMPLES FROM RESERVOIR MOUHTAHJ, IDAHO (WT-910-1 through WT-910-31) Thirty-one "close11 samples were collected over a stratigraphic thickness of one foot from the lower phosphate zone of the phosphatic shale member of the Phosphoria formation at Reservoir Mountain, Idaho,
The samples, numbered WT-910-1 through WT-910-31 from base to top, from field unit number DFD-^769, were each of the same approximate thickness, and individual thicknesses were not measured.
The correlation coefficients and scatter diagrams for this set of samples (figs, k and 5), made up from the data in table k, show a 3.9 7.5 7.8 7.1 6.4 6.8 6.8 6.3 6.8 7-7 7.7 6.6 6.6 6.6 6.7 6.3 5.4 These samples were taken stratigraphically immediately above the 50 samples in WT-604 and 605.
The scatter diagrams and the correlation coefficients (figs. 10 and 11, from table 7) show a very good correlation between uranium content and CaO or PgOs, The negative correlation between uranium and organic matter, although not as strong, is nevertheless noticeable. The improvement in correlation between uranium and the other" measured constituents in these samples over the first-mentioned set of samples from Brazer Canyon (WT-605-1, 2, 5, and WT-604-4 through 50) is difficult to explain, but it may be due to an increase in the supply of uranium made available for deposition by unmeasured factors.
CONCLUSIONS
The results of these analyses must be evaluated with caution. The essential information gained from these analyses is presented in table 8. General conclusions that may be drawn from inspection of the information in this table are as follows:
1. Uranium and P205 correlations are better in the groups where the average percent equivalent uranium is high (WT-603, WT-700), and poorer in the groups where the average percent equivalent uranium is lower (WT-365, WT-910, Wf-605, 60*0.
2. The only positive correlation between uranium and organic matter is in the group which has the lowest average percent equivalent uranium 3-The inverse correlations between uranium and organic matter are poor for the groups which have low average percent equivalent uranium (HT-6o4, HT-605) and better for the groups which have higher average percent equivalent uranium (WT-6"03> WF-700, WT-910).
In figure 12 , the correlation coefficients for organic matter and PgOs with equivalent uranium have been plotted against the average amount of uranium in each group of samples. Other approaches will be necessary to solve the problem of the part that organic matter may have played in the precipitation of uranium.
Attempts will be made to correlate uranium content with time by assuming that the size of the phosphate pellets reflects the length of time of their formation. The validity of this assumption is, of course, open to question.
The samples that have been discussed in this report are now being analyzed for F and COg. The results of these investigations will be reported later. T. Filter and wash with 1 percent HCl.
8. Dry at 110°C. and weigh. 9* Ignite and weigh again.
The percent organic matter equals the loss in weight from steps 8 to 9 multiplied by 100 and divided by the weight of the sample.
Notes on method I. Steps 1-3 are designed to remove acidsoluble constituents such as calcite and apatite.
Steps k and 5 are used to decompose silicates, to remove silica, and to dissolve oxides such as of Fe and Al.
Step 6 is necessary to dissolve any fluorite or other fluorides formed in steps k and 5» Appraisal of method I, Errors that produce too low a result are due to the attack and dissolution, by the chemical reagents, of organic matter. Errors that produce too high a result are due to certain sulfides and silicates that remain undissolved and are counted as organic matter.
Method II 1. The sample is heated to constant weight at 250°C. and again to constant weight at ^50°C. The percent organic matter is taken as the difference in weights at the two temperatures divided by the weight of the sample and multiplied by 100* Sotes on method II. The heating at 230°C. is designed to remove loosely held water. A temperature this high is necessary because of the clay minerals that may be present.
The heating at ^50°C. is designed to burn off the organic matter and yet not decompose carbonates or distill off combined i fixed) water.
Appraisal of method II Errors that give too high a result are due to the fact that all of the loosely held water is not driven off at 230°C., but is lost at ^50°C. and is therefore counted as organic matter. Another reason for too high a result is that some fixed water is lost at ^50°C. and is counted as organic matter.
An error that gives too low an ansver results from the fact that not all of the organic matter is burned off at ^50°C.
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